As part of the Spacelab 2 mission the plasma diagnostics package (PDP) was released from the shuttle as a free-flying satellite. The PDP carried a quasi-static electric field instrument which made differential voltage measurements between two floating probes. At various times during the free flight, an electron beam was ejected from the shuttle. Large differential voltages between the double probes were recorded in association with the electron beam. However, analysis indicates that these large signals are probably not caused by ambient electric fields. Instead, they can be explained by considering three effects: shadowing of the probes from streaming electrons by the PDP chassis, crossing of the PDP wake by the probes, and spatial gradients in the fluxes of energetic electrons reaching the probes. Plasma measurements on the PDP show that energetic electrons exist in a region 20 m wide and up to at least 170 m downstream from the electron beam. At 80 or more meters downstream from the beam, the double probe measurements show that the energetic electron flux is opposite to the injection direction, as would be expected for a secondary returning electron beam produced by scattering of the primary electron beam.
INTRODUCTION
As part of the Spacelab 2 mission, a spacecraft called the plasma diagnostics package (PDP) was released from the shuttle to survey the plasma environment around the orbiter. At various times, an electron beam was ejected from the shuttle so that the effects produced in the plasma might be studied. In this paper we report on efforts to measure the quasi-static electric fields in the plasma with the PDP, focusing on those times when the electron beam generator was operating. The PDP, a scientific instrument package containing 14 instruments, was designed and constructed at the University of Iowa, and is described by Shawban [1982] . The electron beam generator, flown as part of the vehicle charging and potential (VCAP) experiment provided by Stanford University and Utah State University, is described by Banks et al. [1987] . The Spacelab 2 mission was launched into a nearly circular orbit, of inclination 49.5 ø, at a nominal altitude of 325 km. The PDP was in free flight roughly 6 hours, during which the shuttle peformed two complete fly-arounds of the PDP. During the fly-around the shuttle was maneuvered to regions upstream and downstream of the PDP. The fly-around included four magnetic conjunctions during which the shuttle was targeted to pass through the magnetic field line passing through the PDP. The electron beam generator was operated at various times throughout the free flight, both in a steady (dc) mode, and in a pulsed mode. During several of these times large signals were detected by the quasi-static electric field instrument. The purpose of this paper is to describe the large signals associated with the electron beam firings and to determine the origin of these signals.
INSTRUMENTATION
The PDP quasi-static electric field instrument made potential measurements on two floating probes. These floating probes consisted of conducting spheres mounted on insulated surface materials, it is also important to describe the surface properties of the spacecraft and spheres. The PDP chassis was covered with a teflon-coated fiberglass cloth which in turn was covered with an aluminum mesh to provide a uniform conducting surface. Potential measurements were referenced to the aluminum mesh. The spherical antenna probes were coated with a conducting graphite-epoxy paint.
After release from the shuttle, the PDP was made to spin by the action of an inertia wheel within the PDP. When spinning at its maximum rate, the spacecraft had a spin period of 13.1 s. The spin axis was oriented approximately perpendicular to the orbital plane. Thus the spacecraft velocity vector lay approximately in the PDP spin plane.
The electron beam generator was mounted in the shuttle payload bay. A beam was produced as electrons emitted from a heated tungsten wire filament were accelerated through a 1-kV potential. The generator operated at beam currents of either 50 mA or 100 mA, producing either a steady or a pulsed beam. The beam was pulsed at frequencies up to 800 kHz. plane greater than 2 V/m. Event 2 has a "spiky" character, and events 3, 4, and 5 all show a "double peak" character. At the end of event 3 (around 0049), there is an apparent higher frequency structure to the signal. This structure is associated with the pulsing of the electron beam. Note that as long as the beam pulse frequency is much greater than the Vdiff sample rate, then no effect of the pulsing should be apparent in the Vdiff signal. Such is the case for event 2, where the beam was pulsed at 1.2 kHz. However, during event 3 the beam pulse frequency was lower in steps from 600 Hz down to frequencies near the Vdiff sample frequency of 20 Hz. The apparent higher frequency structure is the result of a beating effect that occurs between the beam pulse rate and the Vdif• sample rate.
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In order Table 3 . Using the representative parameters given in Table 3 , equation (1) was solved numerically for various values of Jb and n e. The floating potential was determined from (1) for both the 
This solution corresponds to the expansion of the plasma in one direction only. The wake fills in from all directions, so we expect the density in the wake at the location of the antenna probe to be greater than 0.08 N O , but still significantly less than N 0. Examination of Figure 5 shows that if both probes receive the same amount of energetic electron current, but one probe is in the wake where the density is lower, then the probe in the wake will be several volts lower in potential than the probe upstream. This explanation is consistent with the observed signals. Event 1 does not lend itself to explanation in terms of probe shadowing, as the other events do. The angle 0 between the magnetic field and the spin plane (see Table 2 ) is greater than 20.4 ø, so that probes are not shadowed along field lines. Table 1 ) and O is about 23 ø (see Table 2 ). Using equation (4) with the given values, we obtain Vdi ff •,• 9.7 V. Thus a gradient in the energetic electron flux of the magnitude indicated by the LEPEDEA measurements could easily produce the Vaiff signals recorded during event 1.
